ii ii 1 mi in 

(n) EP 1 199 124 A1 

(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 




(51) IntCI.': bzzr o/UZ 




24.04.2002 Bulletin 2002/17 






(86) International application number: 


(21) 


Application number: 01915739.5 


PCT/JP01/02358 


(22) 


Date of filing: 23.03.2001 


(87) International publication number: 






WO 01/72457 (04.10.2001 Gazette 2001/40) 


(84) 


Designated Contracting States: 


• UENOSONO, Satoshi 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Technical Research Laboratories 




MC NLPTSE TR 


Chiba-shi, Chiba-ken 260-0835 (JP) 






• UNAMI, Shigeru 


(30) 


Priority: 28.03.2000 JP 2000089015 


Technical Research Laboratories 




21.02.2001 JP 2001045036 


Chiba-shi, Chiba 260-0835 (JP) 


(71) 


Applicant: Kawasaki Steel Corporation 


(74) Representative: Grunecker, Kinkeldey, 




Kobe-shi, Hyogo 651-0075 (JP) 


Stockmair & Schwanhausser Anwaltssozietat 






Maximilianstrasse 58 


(72) 


Inventors: 


80538 Munchen (DE) 




OZAKI, Yukiko Technical Research Laboratories 






Chiba-shi, Chiba-ken 260-0835 (JP) 




(54) 


LUBRICANT FOR DIE LUBRICATION AND METHOD FOR PRODUCING HIGH DENSITY 



PRODUCT OF FORMING OF IRON BASE POWDER 



Europaisches Patentamt 
0)j\\ European Patent Office 

Office europeen des brevets 



(57) A manufacturing method for high-density iron- 
based powder compacts is disclosed. The temperature 
of the die is adjusted at ordinary temperature or at a pre- 
determined temperature by preheating. A lubricant for 
die lubrication prepared by mixing at least two different 
lubricants having melting points higher than a predeter- 
mined temperature during the compaction is sprayed 
above the die and is introduced into the die and adhered 
by electrification to the surface of the die. The resulting 
die is filled with an iron-based mixed powder including 
a lubricant and compaction is performed at ordinary 



temperature or at a temperature raised by heating. 
The at least two different lubricants having melting 
points higher than the predetermined temperature dur- 
ing compaction are preferably at least two materials se- 
lected from at least one of the following groups: metallic 
soaps, amide-based waxes, polyamides, polyeth- 
ylenes, polypropylenes, polymers comprised of acrylic 
acid esters, polymers having methacrylic acid ester, 
fluoroplastics and lubricants having layered crystal 
structures. 
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Description 
TECHNICAL FIELD 

5 [0001] This invention relates to lubricants for die lubrication and a manufacturing method for an iron-based powder 
compact for powder metallurgy. This invention especially relates to improving lubricants for die lubrication which is 
used for compacting high density iron-based powder compacts. 

BACKGROUND ART 

W 

[0002] In general, iron-based powder compacts for powder metallurgy are manufactured by the steps of mixing an 
iron-based powder, alloying powder(s), for example, a copper powder and/or a graphite powder, and furthermore, a 
lubricant, for example, zinc stearate or lead stearate, to prepare an iron-based mixed powder; filling a die with the iron- 
based mixed powder; and compacting. Densities of the resulting compacts are generally 6.6 to 7.1 Mg/m 3 . 
is [0003] These iron-based powder compacts are sintered and are further sized or cut as necessary to make powder 
metallurgy products. In cases in which further increased strength is required, a carburization heat-treatment, or a bright 
heat-treatment, may be performed after completion of the sintering. 

[0004] By using this powder metallurgy technique, it has become possible to produce nearly final shape, that is, 
"near net shape", complicatedly shaped components with high dimensional accuracy by one-time molding without 
20 many steps of cutting works. Therefore, it has become possible to decrease cutting costs to a great extent as compared 
to conventional manufacturing methods. As a consequence, iron-based powder metallurgy products were used as 
components of automobiles in an amount exceeding 6 kg per automobile in 1998 in Japan. 

[0005] Recently, it is strongly required of iron-based powder metallurgy products that there be a further improvement 
in dimensional accuracy in order to decrease costs by omitting the cutting works and that there be an increase in 

25 strength in order to produce miniaturized and lightweight components. 

[0006] In order to increase the strength of powder metallurgy products (sintered components), it is effective to in- 
crease the density of sintered components by increasing the density of compacts. Accompanying the increase in the 
density of sintered components, porosities in the components are decreased, and mechanical properties, for example, 
tensile strength, impact value, and fatigue strength are improved. 

30 [0007] As a compaction method capable of increasing the density of iron-based powder compacts, the double com- 
paction and double sintering method, in which iron-based mixed powder is subjected to ordinary compaction and sin- 
tering, and thereafter, is subjected to another compaction and sintering, and the sintering and forging method, in which 
after once compacting and once sintering are performed, hot forging is performed, have been suggested. 
[0008] Furthermore, for example, the warm compaction technique, in which metallic powders are compacted while 

35 being heated is disclosed in Japanese Unexamined Patent Application Publication No. 2-156002, Japanese Examined 
Patent Application Publication No. 7-103404 and U.S. Patents Nos. 5,256,185 and 5,368,630. This warm compaction 
technique is intended to decrease frictional resistance between the particles and between the compact and the die, 
and to improve the compactibility by a portion of, or by the entirety of the lubricant, being melted during the warm 
compaction, and thereby, being uniformly dispersed between the powder particles. It is believed that this warm com- 

io paction technique has the most advantageous cost among the above-mentioned manufacturing methods for high- 
density compacts. According to this warm compaction technique, an iron-based mixed powder prepared by mixing 
0.5% by weight of graphite and 0.6% by weight of lubricant to Fe-4Ni-0.5Mo-1.5Cu partially alloyed iron powder can 
be compacted at 130°C and at a pressure of 7t/cm 2 (686 MPa) to produce a compact having a density of about 7.30 
Mg/m 3 . 

45 [0009] According to the techniques described in Japanese Unexamined Patent Application Publication No. 2-1 56002, 
Japanese Examined Patent Application Publication No. 7-103404 and U.S. Patents Nos. 5,256,185 and 5,368,630, 
however, because the flowabitiy of the powder mixture is insufficient, there have been problems in that the productivity 
is decreased, unevenness occurs in the density of the compact, and the properties of the sintered material fluctuate. 
Furthermore, there have been problems in that because a large ejection pressure is required during compacting, 

50 scratches are generated at the surface of the compact, and the lifetime of the die is decreased. 

[0010] Furthermore, in these warm compaction techniques, the lubricant is contained in the iron-based mixed powder 
in order to decrease frictional resistance between the particles and between the compact and the die and to improve 
the compactibility. A part of, or the entirety of, the lubricant is, however, melted during the warm compaction so as to 
be pushed out to the vicinity of the surface of the compact. During the subsequent sintering, the lubricant is pyrolyzed 

55 or vaporized and dissipated from the compact and coarse pores are formed in the vicinity of the surface of the sintered 
materiaL Therefore, there has been a problem that the mechanical strength of the sintered material is decreased. 
[0011] In order to solve this problem, in Japanese Unexamined Patent Application Publication No. 8-100203, a tech- 
nique in which in ordinary temperature compaction or in warm compaction, the surface of the die is coated with an 
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electrified lubricant powder to decrease the amount of the lubricant in the iron-based mixed powder and to achieve a 
high-density compact. According to this method, however, because only one kind of lubricant for die lubrication is 
applied by coating, the shape of the lubricant changes near its melting point so that the function of lubricating changes 
to a great extent. As a consequence, there has been a problem in that the range of the compacting temperature is 
5 restricted by the melting point of the lubricant. Even when the surface of the die is coated with a lubricant for die 
lubrication to decrease the amount of the lubricant in the iron-based mixed powder, there is still a problem that some 
components of the mixed lubricant cannot exhibit the effect of lubricating due to the decrease in the amount and an 
increase in green density is not achieved. 

[0012] Commercially available lubricants for die lubrication are intended for use at room temperature. Therefore, 
10 when these commercially available lubricants for die lubrication are adhered by electrification to preheated dies, there 
are problems that the lubricants may be completely melted on the surface of the dies and not uniformly adhered, and 
the lubricants are likely to move during the compaction pressure, such that the compact and the surface of the dies 
may be directly contacted so as to increase the ejection pressure. 

[0013] Accordingly, there is still a strong demand for an ordinary temperature compaction technique in which high- 
15 density compacts can be produced by one time compacting at room temperature. As the above-mentioned ordinary 
temperature compaction technique, a compacting technique using die lubrication has been attempted. See, for exam- 
ple, W.G. Ball etaL, The International Journal of Powder Metallurgy, APMI International, vol.33, No.1, 1997, pp.23-30. 
In the case in which the die is coated with a commercially available lubricant for die lubrication using a conventional 
die lubrication apparatus, however, the lubricant is not uniformly dispersed and adhered to the surface (wall) of the die 
20 with a high degree of reproducibility even at room temperature. Consequently, this technique has not yet become 
industrially practical. 

[0014] In addition, from the viewpoint of increasing the strength of automobile components, and from the viewpoint 
of cost, there has been a demand for developing a manufacturing method for a high-density iron-based powder compact 
that can produce a compact having higher density can be produced by one time compacting. 

25 [0015] Objects of this invention are to advantageously solve the above-mentioned problems of conventional tech- 
niques, and to provide manufacturing methods for high-density iron-based powder compacts. According to the man- 
ufacturing method, for example, an iron-based mixed powder prepared by blending 0.5% by weight of graphite to a 
partially alloyed iron powder having a composition of Fe-4Ni-0.5Mo-1.5Cu is subjected to an ordinary temperature 
compaction pressure at room temperature and at a pressure of 7t/cm 2 (686 MPa), and high-density compacts having 

30 a density of at least 7.30 Mg/m 3 can be produced by one time compacting. When subjected to warm compaction 
pressure at 130°C and at a pressure of 7t/cm 2 (686 MPa) according to the method, high-density compacts having a 
density of at least 7.40 Mg/m 3 can be produced by one time compacting. 

DISCLOSURE OF THE INVENTION 

35 

[0016] In order to achieve the above-mentioned objects using a die lubricating compaction technique, the present 
inventors earnestly researched mixtures of lubricants for die lubrication. As a consequence, it was discovered that in 
order to decrease the ejection force, a mixture (lubricant) of at least two kinds of lubricants, each having a melting point 
higher than the predetermined temperature of the compaction pressure, is effective as a lubricant for die lubrication 

40 which can adhere by electrification to the surface of a die that is at room temperature or preheated. 
[0017] This invention was completed based on the above-mentioned discovery and further studies. 
[0018] That is, a first aspect of this invention is a lubricant for die lubrication used during compaction pressure of a 
powder with a die while the lubricant is adhered by electrification to the surface of the die. The lubricant is comprised 
of a mixed powder of at least two kinds of lubricants each having a melting point higher than a predetermined temper- 

45 ature of the compaction pressure. In the first aspect of this invention, the above-mentioned at least two kinds of lubri- 
cants each having a melting point higher than a predetermined temperature of the compaction pressure are preferably 
at least two materials selected from one of the following groups or from at least two of the following groups (groups A to I): 

group A: one or at least two of the materials classified as metallic soaps; 
50 group B: one or at least two of the materials classified as polyethylenes; 

group C: one or at least two of the materials classified as amide-based waxes; 
group D: one or at least two of the materials classified as polyamides; 
group E: one or at least two of the materials classified as polypropylenes; 

group F: one or at least two of the materials classified as polymers composed of acrylic acid esters; 
55 group G: one or at least two of the materials classified as polymers composed of methacrylic acid esters; 

group H: one or at least two of the materials classified as fluoroplastics; and 
group I: one or at least two of the materials classified as lubricants having layered structure. 
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[0019] In the first aspect of this invention, the die is preferably a preheated die. 

[0020] A second aspect of this invention is a manufacturing method for high-density iron-based powder compacts 
including filling a die with an iron-based mixed powder and subsequently performing compaction pressure at a prede- 
termined temperature, in which the die has the surface to which a lubricant for die lubrication is adhered by electrifi- 
5 cation, and a mixed powder of at least two kinds of lubricants each having a melting point higher than a predetermined 
temperature of the compaction pressure is used as the above-mentioned lubricant for die lubrication. In the second 
aspect of this invention, the above-mentioned at least two kinds of lubricants each having a melting point higher than 
the predetermined temperature of the compaction pressure are preferably at least two materials selected from one of 
the following groups or from at least two of the following groups (groups A to IS): 

10 

group A: one or at least two of the materials classified as metallic soaps; 
group B: one or at least two of the materials classified as polyethylenes; 
group C: one or at least two of the materials classified as amide-based waxes; 
group D: one or at least two of the materials classified as polyamides; 
15 group E: one or at least two of the materials classified as polypropylenes; 

group F: one or at least two of the materials classified as polymers composed of acrylic acid esters; 
group G: one or at least two of the materials classified as polymers composed of methacrylic acid esters; 
group H: one or at least two of the materials classified as fluoroplastics; and 
group I: one or at least two of the materials classified as lubricants having layered structure 

20 

[0021] In the second aspect of the invention, the die is preferably a preheated die and the above-mentioned iron- 
based mixed powder is preferably a pre-heated powder. 

[0022] In the second aspect of the invention, the above-mentioned iron-based mixed powder is a mixture of the iron- 
based powder and a lubricant (lubricantfor compacted powder), or is a mixture further comprising powder(s) for alloying. 

25 The content of the lubricant for compacting powder is preferably 0.05 to 0.40% by weight relative to the entire iron- 
based mixed powder. In the second aspect of the invention, the lubricant for compacting powder is preferably one kind 
or at least two kinds of lubricant having a melting point higher than a predetermined temperature of the compaction 
pressure, or more preferably, is a mixed lubricant including a lubricant having a low melting point equivalent to, or lower 
than, the predetermined temperature of the compaction pressure and a lubricant having a melting point higher than 

30 the predetermined temperature of the compaction pressure. In this case, the content of the above-mentioned lubricant 
having a low melting point equivalent to, or lower than, the predetermined temperature of the compaction pressure is 
preferably 10 to 75% by weight relative to the entirety of the contained lubricantfor powder compacting, and the content 
of the lubricant having a melting point higher than the predetermined temperature of the pressure molding is preferably 
the balance of 25 to 90% by weight. 

35 [0023] According to this invention, a high-density compact can be produced with one time of compaction pressure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] In the invention, a die is filled with an iron-based mixed powder, and then compaction pressure is performed 
40 at a predetermined temperature, that is, at ordinary temperature, or at "warm" temperature of 70 to200"C, to produce 
an iron-based powder compact 

[0025] In the invention, the die for compacting is used at ordinary temperature without preheating in the ordinary 
compaction temperature, or the die is used after being preheated to a predetermined temperature in the warm com- 
paction. In the case that the die is subject to preheating, the preheating temperature of the die is not specifically limited 
45 as long as the iron-based mixed powder can be kept at the predetermined temperature of the compaction pressure. 
The preheating temperature is preferably 20 to 60°C higher than the predetermined temperature of the compaction 
pressure. In the ordinary compaction temperature, even if the die is used without being first preheated, the temperature 
of the die is raised to about 80°C after continual uses. 

[0026] An electrified lubricantfor die lubrication is introduced into the die so that it is adhered by electrification to the 
50 surface of the die. The lubricant for die lubrication (solid powder) is preferably put into a die lubrication apparatus, for 
example, the Die Wall Lubricant System manufactured by Gasbarre Products, Inc., and is electrified by contact elec- 
trification of the lubricant (solid ) and the inner wall of the apparatus. The electrified lubricant for die lubrication is sprayed 
above the die, and is introduced into the die so that it adheres by electrification to the surface of the die. The lubricant 
(lubricant for die lubrication) adhered to the surface of the die can decrease frictional resistance between the surface 
55 (wall) of the die and the powder during the compaction of the iron-based powder so as to decrease "pressure loss", 
that is, the escape of compaction pressure to the surface (wall) of the die, and to effectively transfer the pressure to 
the powder. Therefore, the density of the compact is increased and the ejection pressure required for ejecting the 
compact from the die is decreased. In order to achieve the above-mentioned effects as lubricant, the lubricant powder 
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must be uniformly adhered to the surface of the die. 

[0027] In order to be uniformly adhered to the surface of the die, the lubricant for die lubrication (solid powder) is 
preferably adhered by electrification. 

[0028] In order to be adhered to the surface of the die with reliability, the lubricant for die lubrication (solid powder) 

5 must be reliably electrified in a charging device of the die lubrication apparatus. For this purpose, the specific surface 
area of the lubricant for die lubrication (solid powder) is preferably small, that is, the particle diameter is preferably 
small. In the invention, the particle diameters of 90% or more of the lubricant for die lubrication (solid powder) are 
preferably 50 urn or less. When the particle diameters exceed aforesaid size, the electrification may become insufficient, 
and furthermore, the lubricant may fall under its own weight after being adhered to the die so that the adherence of 

10 the lubricant to the surface of the die becomes insufficient. 

[0029] In the invention, as the lubricant for die lubrication (solid powder), at least two kinds of different powder ma- 
terials (lubricant powders) are mixed and used. By mixing the at least two kinds of different lubricant powders, not only 
the lubricant for die lubrication (solid powder) is electrified in the die lubrication apparatus (charging device), but also 
the at least two kinds of different powders are contacted with each other in the die lubrication apparatus (charging 

15 device) so as to be contact electrified. Accompanying this, the amount of electrical charge on the entirety of the powders 
becomes greater than that in the case in which one kind of lubricant is used. Therefore, the lubricant powders are 
adhered to the surface of the die with reliability. In the invention, as the lubricant for die lubrication (solid powder), a 
mixed powder prepared by mixing at least two kinds of lubricants each having a melting point higher than the prede- 
termined temperature of the compaction pressure is used. Herein, the predetermined temperature of the compaction 

20 pressure in the invention means the temperature at the surface of the die during the compaction pressure. 

[0030] Because the lubricant for die lubrication has a melting point higher than the predetermined temperature of 
the compaction pressure, the lubricant is not melted and is present as a solid powder on the surface of the die so that 
the function of lubricating on the surface of the die is maintained, the density of the compact is increased, and the 
ejection pressure is not decreased. On the other hand, when the lubricant for die lubrication has a melting point lower 

25 than the predetermined temperature of the compaction pressure, the lubricant melts on the surface of the die and 
spreads in a liquid state. This is advantageous from the viewpoint of uniform adhesion, although there are problems 
in that the lubricant flows out of the surface of the die, or even if the lubricant does not flow out, the lubricant may be 
suctioned into the powder by a capillary phenomenon during the compaction of the iron-based mixed powder so that 
the lubricant remaining on the surface of the die may be decreased. Accompanying this, the function of lubricating on 

30 the surface of the die may be reduced and the ejection pressure may be increased. 

[0031] The lubricant for die lubrication having a melting point higher than the predetermined temperature of the 
compaction pressure is not melted in the die during the compaction, and functions as a solid lubricant like a "roller" in 
the die so as to also have an effect of decreasing the ejection pressure. 

[0032] As the lubricant (solid powder) having the melting point higher than the temperature of the compaction pres- 
35 sure, at least two powder materials selected from one or at least two of the following groups (groups A to I) are preferred: 

group A: one or at least two of the materials classified as metallic soaps; 
group B: one or at least two of the materials classified as polyethylenes; 
group C: one or at least two of the materials classified as amide-based waxes; 
40 group D: one or at least two of the materials classified as polyamides; 

group E: one or at least two of the materials classified as polyp ropylenes; 

group F: one or at least two of the materials classified as polymers composed of acrylic acid esters; 
group G: one or at least two of the materials classified as polymers composed of methacrylic acid esters; 
group H: one or at least two of the materials classified as fluoroplastics; and 
45 group I: one or at least two of the materials classified as lubricants having layered structure 

These at least two lubricants (powders) are mixed and the resulting mixture is used as the lubricant for die lubrication. 
[0033] The lubricant for die lubrication according to the invention may be at least two materials selected from the 
group A consisting of metallic soaps, or it may be at least one material selected from the group A consisting of metallic 
50 soaps and at least one material selected from the other groups. Similar combinations of materials can be selected for 
each of other groups. 

[0034] Exemplary materials classified as metallic soaps of group A include, for example, lithium stearate, lithium 
laurate, lithium hydroxystearate, and calcium stearate. Needless to say, in the invention, they are not limited to above- 
mentioned metallic soaps. 

55 [0035] Exemplary materials classified as polyethylenes of group B include, for example, polyethylenes having dif- 
ferent molecular weights. Among these materials, a polyethylene powder having a molecular weight of 5,000 to 1 00,000 
is preferred. 

[0036] Exemplary materials classified as amide-based waxes of group C include, for example, stearic acid amide 
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(melting point 103°C), ethylene-bis-stearoamide (melting point 148°C), and long-alkyl chain ethylene-bis-alkylamides, 

e.g., Light Amide WH21 5® manufactured by Kyoeisha Kagaku Co., Ltd., (melting point 21 5°C), Light Amide WH255® 

manufactured by Kyoeisha Kagaku Co., Ltd., (melting point 255°C). Needless to say, in the invention, they are not 

limited to above-mentioned amide-based waxes. 
5 [0037] Exemplary materials classified as polyamides of group D include, for example, polyamides having different 

molecular weights. Among these materials, polyamides having a melting point of 210 to 270°C (nylon) are preferred. 

[0038] Exemplary materials classified as polypropylenes of group E include, for example, polypropylenes having 

different molecular weights. Polypropylene powders having a molecular weight of 5,000 to 100,000 are preferred. 

[0039] Exemplary materials classified as polymers comprised of acrylic acid esters of group F, include polymers of 
10 the same kind of monomers and copolymers of a plurality of kinds of monomers, such as, for example, polymethylacr- 

ylate and polyethylacrylate. Needless to say, in the invention, they are not limited to above-mentioned acrylic acid 

esters polymers. 

[0040] Exemplary materials classified as polymers comprised of methacrylic acid esters of group G include polymers 
of the same kind of monomers and copolymers of a plurality of kinds of monomers, for example, polymethylmethacrylate 
is and polyethylmethacrylate. Needless to say, in the invention, they are not limited to above-mentioned methacrylic acid 
ester polymers. 

[0041] Exemplary materials classified as fluoroplastics of group H include polymers of the same kind of monomers 
and copolymers of a plurality of kinds of monomers, for example, polytetrafluoroethylene, tetrafluoroethylene-perfluor- 
oalkylvinyl ether copolymer, and tetrafluoroethylene-hexafluoropropylene copolymer. Needless to say, in the invention, 

20 they are not limited to above-mentioned fluoroplastics. 

[0042] Exemplary materials classified as lubricants having layered crystal structure of group I include inorganic or 
organic lubricants having layered crystal structures. Inorganic lubricants having layered crystal structures include, for 
example, graphite, MoS 2 and carbonfluoride. Organic lubricants having layered crystal structures include, for example, 
melamine-cyanuric acid adducts (MCA) and N-alkylaspartic acid-(3-alkyl ester. Needless to say, in the invention, they 

25 are not limited to above-mentioned layered lubricants. 

[0043] The adhesion amount of the lubricant for die lubrication adhered by electrification to the surface of the die is 
preferably 0.5 to 10 mg/cm 2 . When the adhesion amount is less than 0.5 mg/cm 2 , the effect of lubricating is insufficient 
so that the ejection force after the compaction is increased. On the other hand, when the adhesion amount exceeds 
10 mg/cm 2 , the lubricant remains on the surface of the compact so that the appearance of the compact becomes inferior. 

30 [0044] The iron-based mixed powder is filled in the die to which the lubricant for die lubrication has been adhered 
by electrification, and compaction pressure is performed to produce the iron-based powder compact. In cases in which 
the die is used at ordinary temperature without preheating, the iron-based mixed powder is preferably also used at 
ordinary temperature without specific heating. On the other hand, in cases in which the die is preheated, the iron-based 
mixed powder is preferably heated to a temperature of 200°C or less, preferably to a temperature of 70°C or more. 

35 When the heating temperature exceeds 200°C, the density is not substantially increased, and the iron powder may be 
oxidized. Therefore, the heating temperature of the iron-based mixed powder is preferably 200°C or less. 
[0045] The iron-based mixed powder is a mixture of the iron-based powder and a lubricant (lubricant for powder 
molding), or it is a mixture further comprising powders for alloying. 

[0046] As the iron-based powder in the invention, pure iron powders, for example, an atomized iron powder or a 
^o reduced iron powder, or partially alloyed steel powders, completely alloyed steel powders, or mixed powders thereof 
are preferable. 

[0047] The mixing method for the iron-based powder and the lubricant for compacting powder, or for the iron-based 
powder, the lubricants for compacting powder, and the powders for alloying is not specifically limited, and any generally- 
known mixing method can be suitably used. In particular, in cases in which the iron-based powder is mixed with the 

45 powder for alloying, in order to prevent contained powders from segregating, a mixing method including the steps of 
primarily mixing the iron-based powder, the powder for alloying, and a portion of the lubricants for compacting powder; 
agitating the resulting mixture while heating to a temperature equivalent to or higher than the melting point of at least 
one kind of lubricant in the above-mentioned lubricants for compacting powder so as to melt at least one kind of lubricant 
in the above-mentioned lubricants for compacting powder ; cooling the mixture after the melting while agitating so as 

50 to fix the melted lubricant to the surface of the above-mentioned iron-based powder, and thereby, to adhere the powder 
for alloying; then adding residual lubricants for compacting powder, and secondarily mixing is preferable. 
[0048] The content of the lubricants for compacting powder in the iron-based mixed powder is preferably 0.05% to 
0.40% by weight relative to the entire iron-based mixed powder. When the content of the lubricants for compacting 
powder is less than 0.05% by weight, the effect of the powders lubricating each other during compacting is reduced 

55 so that the density of the compact is decreased. On the other hand, when the content of the lubricants for compacting 
powder exceeds 0.40% by weight, the proportion of the lubricant having a smaller density is increased, so that the 
density of the compact is decreased. 

[0049] In the invention, the lubricant for compacting powder in the iron-based mixed powder may preferably be each 
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of one or at least two lubricant having a melting point higher than the predetermined temperature during the compaction; 
a mixed lubricant including a lubricant having a low melting point equivalent to, or lower than, the predetermined tem- 
perature during the compaction and a lubricant having a melting point higher than the predetermined temperature 
during the compaction; and one or at least two lubricant having a low melting point equivalent to, or lower than, the 

5 predetermined temperature of the compaction pressure. Among those, the mixed lubricant including the lubricant hav- 
ing a low melting point equivalent to, or lower than, the predetermined temperature during the compaction and the 
lubricant having a melting point higher than the predetermined temperature during the compaction is preferred. 
[0050] Incases in which the mixed lubricant including the lubricant having a low melting point equivalent to, or lower 
than, the predetermined temperature during the compaction and the lubricant having a melting point higher than the 

10 predetermined temperature during the compaction is used, the content of the lubricant having a low melting point 
equivalent to, or lower than, the predetermined temperature during the compaction is preferably 10% to 75% by weight 
relative to the entire contained lubricants for powder compacting, and the content of the lubricant having a melting 
point higher than the predetermined temperature during the compaction is preferably the balance of 25 to 90% by 
weight. The lubricant having a low melting point equivalent to, or lower than, the predetermined temperature during 

is the compaction is melted during the compaction, penetrated between the particles of the powder by capillary force, 
and is uniformly dispersed in the particles of the powder so as to decrease the contact resistance between the particles, 
accelerating the rearrangement of the particles, and accelerating the increase in density of the compact. When the 
content of the lubricant having a low melting point equivalent to, or lower than, the predetermined temperature during 
the compaction is less than 10% by weight, the lubricant is not uniformly dispersed in the particles of the powder so 

20 that the density of the compact is decreased. When the content exceeds 75% by weight, accompanying the increase 
in density of the compact, melted lubricant is squeezed out to the surface of the compact, escape paths of the lubricant 
are formed on the surface, and many coarse cavities are formed on the surface of the compact, so that the strength 
of the sintered material is decreased. 

[0051] The lubricant having a melting point higher than the predetermined temperature during the compaction con- 
25 tained in the iron-based mixed powder is present in the solid state during the compacting, and functions as a "roller" 
at convex portions of the surface of the iron-based mixed powder at which the melted lubricant is repelled so as to 
accelerate the rearrangement of the particles and increase the density of the compact. 

[0052] Regarding the lubricants for powder compacting contained in the iron-based mixed powder, as the lubricant 
having a melting point higher than the predetermined temperature of the compaction pressure, at least one lubricant 

30 selected from the group consisting of metallic soaps, thermoplastic resins, thermoplastic elastomers, and inorganic or 
organic lubricants having layered crystal structures is preferable. This lubricant is appropriately selected from the lu- 
bricants described below in accordance with the predetermined temperature during the compaction. 
[0053] As the metallic soap, lithium stearate, lithium hydroxystearate and the like are preferable. As the thermoplastic 
resin, polystyrene, polyamide, fluoroplastics, and the like, are preferable. As the thermoplastic elastomer, polystyrene- 

35 based elastomers, polyamide-based elastomers, etc., are preferable. As the inorganic lubricant having a layered crystal 
structure, each of graphite, MoS 2 and fluorocarbon can be used and the ejection force is effectively decreased with a 
decrease in particle size. As the organic lubricant having a layered crystal structure, each of melamine-cyanuric acid 
adducts (MCA) and N-alkylaspartic acid-(3-alkyl ester can be used. 

[0054] Regarding the lubricants for compacting powder contained in the iron-based mixed powder, as the lubricant 
40 having a low melting point equivalent to, or lower than, the predetermined temperature during the compaction, one or 
at least two lubricant selected from the group consisting of metallic soaps, amide-based waxes, polyethylenes, and 
eutectic mixtures of at least two lubricants are preferable. This lubricant is appropriately selected from the lubricants 
described below in accordance with the predetermined temperature during the compaction. 

[0055] As the metallic soap, zinc stearate, calcium stearate, and the like, are preferable. As the amide-based wax, 
45 ethylene-bis-stearoamide, stearic acid monoamide, and the like, are preferable. As the eutectic mixture, a eutectic 
mixture of oleic acid and zinc stearate; a eutectic mixture of ethylene-bis-stearoamide and polyethylene; a eutectic 
mixture of ethylene-bis-stearoamide and stearic acid amide; a eutectic mixture of ethylene-bis-stearoamide and zinc 
stearate; a eutectic mixture of ethylene-bis-stearoamide and calcium stearate; a eutectic mixture of calcium stearate 
and lithium stearate, and the like, are preferable. Depending on the compaction temperatures, a portion of these lu- 
so bricants may be used as a lubricant having a melting point higher than the temperature during the compacting. 

[0056] The graphite contained in the iron-based mixed powder as a powder for alloying has the effect of strengthening 
the sintered material When the content of the graphite is decreased, the effect of strengthening the sintered material 
is insufficient. On the other hand, when the content is overly increased, pre-eutectoid cementite is precipitated, which 
decreases the strength. Therefore, the content of the graphite in the iron-based mixed powder is preferably 0.1% to 
55 2.0% by weight relative to the entire iron-based mixed powder. 

[0057] The compact produced as described above is subjected to a sintering treatment, and furthermore can be 
subjected, for example, to a carburization heat-treatment, a bright heat-treatment as necessary, so as to be used as 
a powder metallurgy product. 
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(Examples) 

[0058] As an iron-based powder, a partially alloyed steel powder having a composition of Fe-4Ni-0.5Mo-1.5Cu was 
used. This partially alloyed steel powder was mixed with a graphite powder and lubricants for compacting powder by 

s a heat mixing method using a high-speed mixer so as to produce an iron-based mixed powder. The additive amount 
of the graphite was 0.5% by weight relative to the entire iron-based mixed powder. The kinds and the additive amounts 
relative to the entire iron-based mixed powder of the lubricants for compacting powder were as shown in Table 1. 
[0059] The temperature of the die for the compacting pressure was adjusted as shown in Table 1 , that is, at ordinary 
temperature, or to temperatures raised by preheating. A lubricant for die lubrication electrified using a die lubrication 

'0 apparatus (manufactured by Gasbarre Products, Inc.) was sprayed and introduced into the die so as to be adhered 
by electrification to the surface of the die. The lubricant for die lubrication was a mixture of at least two kinds of lubricants 
having melting points higher than the temperature during the compaction, and was prepared by mixing at least two 
kinds of materials (lubricants) selected from one or at least two group of the groups A to I as shown in Table 2. For 
purposes of comparison, cases in which at least one kind of lubricant having a melting point less than the temperature 

'5 during the compaction were used and cases in which one kind of lubricant having a melting point higher than the 
temperature during the compaction were used as Comparative Examples. The measured temperature of the surface 
of the die was taken as the temperature during the compaction. 

[0060] Subsequently, the die treated as described above was filled with the iron-based mixed powder. The temper- 
ature of the iron-based mixed powder was adjusted at ordinary temperature or to temperatures raised by heating in 

20 accordance with the treatment of the die. Then, compaction pressure was performed so as to produce a compact in 
the shape of a rectangular parallelepiped of 10 mm x 10 mm x 55 mm dimension. The applied pressure was 7 t/cm 2 
(686 MPa). The compacting conditions used are shown in Table 1. The lubricants for compacting powder in the iron- 
based mixed powder were selected from various lubricants as shown in Table 2, and the lubricants having melting 
points higher than the temperature during the compaction as shown in Table 1, or the mixtures of the lubricants having 

25 low melting points equivalent to, or lower than, the temperature during the compaction and lubricants having melting 
points higher than the temperature during the compaction as shown in Table 1, were used. 

[0061] As Conventional Examples, a die not coated with a lubricant for die lubrication was filled with the iron-based 
mixed powder. The temperature of the iron-based mixed powder was adjusted at ordinary temperature (25°C) or at 
temperatures raised by heating in accordance with the treatment of the die. Then, compaction was performed so as 
30 to produce compacts (Compact Nos. 28 and 32) in the shape of a rectangular parallelepiped similar to that of the 
above-mentioned Example. 

[0062] After completion of compacting, ejection pressures for ejecting the compacts were measured. 
[0063] Regarding the resulting compacts, the densities were measured by the Archimedes method, which is a method 
for determining the density based on the volume of the compact (the object for measurement) measured by soaking 
35 it in water. 

[0064] Furthermore, appearances of the resulting compacts were visually observed for the presence or absence of 
defects such as scratches and fractures. 

[0065] The resulting compacts were cut at their centers, embedded in a resin and polished. Thereafter, the presence 
or absence of a pore in the cross section was observed with an optical microscope. 
40 [0066] The results for ejection pressures, densities of the compacts, appearances of the compacts, and properties 
of sectional microstructures of the compacts are shown in Table 1. 
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[0067] Regarding each of the compacts according to the invention, the ejection pressures after compacting was as 
low as 20 MPa or less, and the density was as high as 7.30 Mg/m 3 or more in the ordinary compaction temperature 
and was 7.40 Mg/m 3 or more in the warm compaction. In the compacts, defects such as flaws and fractures were not 
observed. The properties of sectional microstructure of the compact were normal, and no coarse pores were observed, 
s [0068] Regarding the Conventional Examples (Compact Nos. 28 and 32) not subjected to the die lubrication, the 
ejection pressures were increased to a great extent, the densities of the compacts were decreased, and flaws were 
observed on the surfaces of the compacts. 

[0069] Regarding the Comparative Examples outside of the scope of the invention, the ejection pressures were as 
high as more than 20 MPa, the densities in the ordinary compaction temperature were as low as 7.25 Mg/m 3 or less, 

'0 the densities in the warm compaction were as low as 7.35 Mg/m 3 or less, scratches were observed on the surfaces of 
the compacts, or coarse pores were observed in the vicinity of the surfaces of the cross sections of the compacts. 
[0070] Regarding warm compaction, in cases in which the melting point of at least one kind of lubricant for die lubri- 
cation was equivalent to, or less than, the temperature during compaction (Compact No. 29), the lubricant for die 
lubrication was only one lubricant having a melting point higher than the temperature during compaction (Compact 

15 Nos. 30 and 33), or the lubricant for die lubrication was only one lubricant having a melting point lower than the tem- 
perature during compaction (Compact No. 31), the densities of the compacts were decreased, and the ejection pres- 
sures were increased. 

[0071] According to the invention, high-density compacts having excellent appearances and excellent sectional prop- 
erties can be compacted with decreased ejection pressures. 

20 

INDUSTRIAL APPLICABILITY 

[0072] According to the invention, industrially superior effects are exhibited. That is, high-density compacts having 
excellent appearances and excellent sectional properties can be produced by one time compacting, the ejection pres- 
25 sures after compacting can be decreased, lifetimes of the dies can be increased, and high-density sintered materials 
can be produced with ease. 



Claims 

30 

1. A lubricant for die lubrication used during compaction of a powder with a die while the lubricant is adhered by 
electrification to the surface of the die, the lubricant comprising a mixed powder of at least two lubricants each 
having a melting point higher than a predetermined temperature during compaction. 

35 2. The lubricant for die lubrication according to claim 1, wherein the at least two lubricants each having a melting 
point higher than the predetermined temperature during compaction are at least two materials selected from one 
or at least two of the following groups A to I: 

group A: one or at least two of the materials classified as metallic soaps; 
group B: one or at least two of the materials classified as polyethylenes; 
group C: one or at least two of the materials classified as amide-based waxes; 
group D: one or at least two of the materials classified as polyamides; 
group E: one or at least two of the materials classified as polypropylenes; 

group F: one or at least two of the materials classified as polymers comprised of acrylic acid esters; 
group G: one or at least two of the materials classified as polymers comprised of methacrylic acid esters; 
group H: one or at least two of the materials classified as fluoroplastics; and 
group I: one or at least two of the materials classified as lubricants having layered structures. 

The lubricant for die lubrication according to claims 1 or 2, wherein the die is a preheated die. 

A method of manufacturing a high-density iron-based powder compact, comprising: 

filling an iron-based mixed powder in a die; and 

subsequently compacting the iron-based mixed powder at a predetermined temperature, 

wherein the die has the surface on which a lubricant for die lubrication is adhered by electrification, and a 
mixed powder comprising at least two lubricants each having a melting point higher than the predetermined tem- 
perature during compaction is used as the lubricant for die lubrication. 



3. 

50 



17 



EP1 199 124 A1 

The method of manufacturing a high-density iron-based powder compact according to claim 5, wherein the at least 
two lubricants each having a melting point higher than a predetermined temperature during compaction are at 
least two materials selected from one or at least two of the following groups A to I: 

group A: one or at least two of the materials classified as metallic soaps; 
group B: one or at least two of the materials classified as polyethylenes; 
group C: one or at least two of the materials classified as amide-based waxes; 
group D: one or at least two of the materials classified as polyamides; 
group E: one or at least two of the materials classified as polypropylenes; 

group F: one or at least two of the materials classified as polymers comprised of acrylic acid esters; 
group G: one or at least two of the materials classified as polymers comprised of methacrylic acid esters; 
group H: one or at least two of the materials classified as fluoroplastics; and 
group I: one or at least two of the materials classified as lubricants having layered structures. 

The method of manufacturing a high-density iron-based powder compact according to claims 4 or 5, wherein the 
die is a preheated die and the iron-based mixed powder is a preheated powder. 
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